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PROGRAM  RATIONALE  AND 
PHILOSOPHY 

Science  by  its  very  nature  is  interesting,  exciting 
and  dynamic.  Through  the  study  of  science, 
students  are  given  the  opportunity  to  explore  and 
understand  the  natural  world  and  to  become  aware 
of  the  importance  of  science  to  their  lives. 
Meaningful  learning  takes  place  when  the  study  of 
science  relates  to  what  learners  already  know, 
deem  personally  useful  and  consider  relevant. 
Young  people  learn  best  from  concrete  experiences 
that  present  an  authentic  view  of  science.  In 
Chemistry  20/30  students  learn  science  in  relevant 
contexts  and  engage  in  meaningful  activities.  This 
facilitates  the  transfer  of  knowledge  to  new 
contexts.  Students  are  encouraged  to  participate  in 
life-long  scientific  learning  and  to  appreciate 
science  as  a  remarkable,  inspiring  and  stimulating 
human  enterprise  with  practical  impact  on  their 
lives  and  on  society  as  a  whole. 

Science  is  experimental,  creative  and  imaginative; 
methods  of  inquiry  characterize  the  study  of 
science.  In  Chemistry  20/30  students  further 
develop  their  ability  to  ask  questions,  investigate 
and  experiment;  to  gather,  analyse  and  assess 
scientific  information;  to  test  scientific  laws  and 
principles  and  their  applications.  In  the  process, 
students  exercise  their  creativity  and  develop 
critical  thinking  skills.  Through  experimentation, 
problem-solving  activities  and  independent  study, 
students  develop  an  understanding  of  the  processes 
by  which  scientific  knowledge  evolves. 

The  Chemistry  20/30  program  places  students  at 
the  centre.  Students  are  active  learners  and  will 
assume  increased  responsibility  for  their  learning 
as  they  work  through  the  program.  A  thorough 
study  of  science  is  required  to  give  students  an 
understanding  of  science  that  encourages  them  to 
make  appropriate  applications  of  scientific  concepts 
to  their  daily  lives.  Students  are  expected  to 
participate  actively  in  their  own  learning;  teachers 


act  as  collaborators  or  guides.  An  emphasis  on  the 
key  concepts  and  principles  of  science  provides 
students  with  a  more  unified  view  of  the  natural 
sciences  and  a  greater  awareness  of  the  connections 
among  them. 

Goals 

The  major  goals  of  the  Chemistry  20/30  program 
are: 

•  to  help  students  attain  the  level  of  scientific 
awareness  that  is  essential  for  all  citizens  in  a 
scientifically  literate  society; 

•  to  help  students  make  informed  decisions 
about  further  studies  and  careers  in  science; 
and 

•  to  provide  students  with  opportunities  for 
personal  development. 

Chemistry  20/30  is  an  academic  program  that  helps 
students  better  understand  and  apply  the 
fundamental  concepts  and  skills  that  are  common 
to  chemistry.  The  focus  is  on  helping  students 
understand  the  scientific  principles  behind  the 
natural  events  they  experience  and  the  technology 
they  use  in  their  daily  lives.  The  program 
encourages  enthusiasm  for  the  scientific  enterprise 
and  develops  positive  attitudes  about  chemistry  as 
an  interesting  human  activity  with  personal 
meaning.  It  develops  in  students  the  attitudes, 
skills  and  knowledge  to  help  them  become  capable 
of  and  committed  to,  setting  goals,  making 
informed  choices  and  acting  in  ways  that  will 
improve  their  own  lives  and  life  in  their 
communities. 
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GENERAL  LEARNER 
EXPECTATIONS 

The  general  learner  expectations  outline  the  many 
facets  of  scientific  awareness  and  serve  as  the 
foundation  for  specific  learner  expectations.  The 
general  learner  expectations  are  developed  through 
the  study  of  individual  units  in  Chemistry  20/30 
and,  though  listed  sequentially,  are  meant  to  be 
developed  concurrently. 

Attitudes 

Students  will  be  encouraged  to  develop: 

•  an  enthusiasm  for,  and  a  continuing 
interest  in,  science; 

•  the  effective  attributes  of  scientists  at  work 
such  as,  respect  for  evidence,  tolerance  of 
uncertainty,  intellectual  honesty, 
creativity,  objectivity,  perseverance, 
co-operation,  curiosity  and  a  desire  to 
understand; 

•  positive  attitudes  toward  scientific  skills 
involving  mathematics,  problem-solving 
and  process  skills; 

•  a  sensitivity  to  the  living  and  non-living 
environment;  and 

•  an  appreciation  for  the  roles  of  science  and 
technology  in  our  understanding  of  the 
natural  world. 


Skills 

Students  will  develop  an  ability  to: 

•  pose  questions,  define  problems,  formulate 
hypotheses,  identify  variables,  and  design 
and  carry  out  experiments  to  test  ideas; 

•  gather,  organize  and  analyse  information, 
using  appropriate  technology; 

•  evaluate  hypotheses  on  the  basis  of 
experimental  evidence; 

•  communicate  findings  using  appropriate 
technology; 

•  make  connections  between  new 
information  and  prior  knowledge;  and 

•  evaluate  and  assess  ideas  and  information. 


Knowledge 

1.  Science  Knowledge 

Students  will  be  expected  to  demonstrate 
an  understanding  of  the  key  concepts  and 
principles  of  science  that  transcend  the 
discipline  boundaries  and  show  the  unity 
among  the  natural  sciences.  The  key 
science  concepts  emphasized  in  the 
Chemistry  20/30  program  are:   change, 
diversity,  energy,  equilibrium,  matter  and 
systems. 

2.  Science  Process 

Students  will  be  expected  to  demonstrate 
an  understanding  of  the  processes  by  which 
scientific  knowledge  is  developed, 
including: 

•  the  central  role  of  experimental 
evidence  in  the  accumulation  of 
knowledge; 

•  the  way  in  which  proposed  theories  may 
be  supported,  modified  or  falsified  by 
experimental  evidence;  and 

•  the  role  of  models,  simulations  and 
thought  experiments  in  examining 
theories. 

3.  Science,  Technology  and  Society 

Students  will  be  expected  to  demonstrate 
an  understanding  of  the  interdependent 
relationships  of  science,  technology  and 
society,  including: 

•  the  functioning  of  products  or  processes 
based  on  scientific  principles; 

•  the  ways  that  science  advances 
technology  and  technology  advances 
science; 

•  the  use  of  technology  to  solve  practical 
problems; 

•  the  limitations  of  scientific  knowledge 
and  technology; 

•  the  influence  of  the  needs,  interests  and 
financial  support  of  society  on  scientific 
and  technological  research;  and 

•  the  ability  and  responsibility,  through 
science  and  technology,  that  society  nas 
to  protect  the  environment  and 
judiciously  use  natural  resources  to 
ensure  quality  life  for  future 
generations. 


CB  90  12  06  (Fifth  Draft) 
Page  2 


0 


KEY  SCIENCE  CONCEPTS 

The    key    science    concepts    emphasized    in    the 
Chemistry  20/30  program  are  defined  as  follows: 


•     Change: 


Diversity: 


Energy: 


I 

ti 

II 
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I! 
I) 

li 
I 
li 

it 


Equilibrium: 


•     Matter: 


Systems: 


how  all  natural  entities  are 
modified  over  time,  how  the 
direction  of  change  might  be 
predicted  and,  in  some 
instances,  how  change  can 
be  controlled 

the  array  of  living  and 
non-living  forms  of  matter 
and  the  procedures  used  to 
understand,  classify  and 
distinguish  those  forms  on 
the  basis  of  recurring 
patterns 

the  capacity  for  doing  work, 
which  drives  much  of  what 
takes  place  in  the  universe 
through  its  variety  of 
interconvertible  forms 

the  state  in  which  opposing 
forces  or  processes  balance 
in  a  static  or  dynamic  way 

the  constitutive  parts  and 
the  variety  of  states  of  the 
material  in  the  physical 
world 

the  interrelated  groups  of 
things  or  events  that  can  be 
defined  by  their  boundaries 
and,  in  some  instances,  by 
their  inputs  and  outputs. 
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SPECIFIC  LEARNER 
EXPECTATIONS 

The  specific  learner  expectations  consist  of  the 
attitudes,  skills  and  knowledge  that  are  to  be 
addressed  in  Chemistry  20  and  30.  The  use  of  the 
learning  cycle  allows  students  to  progress  from: 

•  the  experiential  exploration  of  a  new  idea 
or  content,  through 

•  a  hypothesis-building  stage  where 
concepts  are  developed  to  describe  the 
results  of  the  initial  exploration  to 

•  an  application  phase  where  the 
hypothesis,  vocabulary  and  patterns 
previously  developed  are  applied  to  new 
situations. 

Students  examine  phenomena  in  a  variety  of  areas 
to  show  the  relationships  among  the  traditional 
science  disciplines.  Wherever  possible,  examples 
are  drawn  from  their  own  experience  to  enable 
students  to  make  the  connection  between  the 
earth  and  the  society  around  them,  the  technology 
that  societies  have  developed  and  the  nature  of 
science  itself. 
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PROGRAM  OVERVIEW 

The  Chemistry  20/30  program  emphasizes  the  key 
concepts  of  science:  energy,  matter,  change,  systems, 
diversity  and  equilibrium.  These  show  the 
connections  among  the  units  of  study  and  provide  a 
framework  for  teachers  to  show  students  how 
individual  sections  of  the  program  relate  to  the  big 
ideas  of  science. 

In  addition  to  developing  a  solid  understanding  of 
the  fundamental  science  concepts  and  principles, 
Chemistry  20/30  has  the  goal  of  educating  students 
about  the  nature  of  science  and  the  interaction  of 
science  and  technology.  Students  are  made  aware 
of  the  tremendous  impact  of  science  and  technology 
on  society,  as  well  as  the  roles  and  limitations  of 
science  and  technology  in  STS  problem  solving. 

Course  Overview:  Chemistry  20 

Chemistry  20  consists  of  four  units  of  study: 

Unit  1:  Solutions  and  Gases 

Unit  2:  Quantitative  Relationships  in  Chemical 

Reactions 
Unit  3:  Chemical  Bonding 
Unit  4:  An  Introduction  to  Organic  Compounds 

Matter  and  chemical  change  are  the  themes 
common  to  all  the  units  in  Chemistry  20.  An 
understanding  of  the  nature  of  matter  and  analysis 
of  its  changes  is  essential  for  understanding  what 
is  happening  and  for  predicting  what  will  happen; 
control  of  cnange  is  essential  for  the  design  of 
technological      systems.  The      principles      of 

conservation  of  mass  and  energy  help  to  predict 
and  explain  the  changes  that  occur  in  a  closed 
system.  Chemistry  20  students  are  conceptually 
ready  to  begin  defining  matter  in  conceptual  terms. 
Observations  that  provide  evidence  to  support 
theories  are  stressed  through  experimentation, 
linking  empirical  and  theoretical  knowledge. 

Each  unit  in  Chemistry  20  uses  a  different  context 
to  investigate  the  nature  of  matter;  to  identify 
common  patterns  and  the  processes  by  which 
matter  and  systems  are  modified.  Unit  1  focuses  on 
the  nature  of  solutions  and  gases  by  examining 
their  properties,  identifying  patterns  and  analysing 
changes.  In  Unit  2  the  quantitative  relationships 
in  chemical  reactions  are  explored  in  predicting 
masses  of  substances  reacted  or  produced  as  a 
result  of  chemical  change.  In  Unit  3  models  of  the 
atom  are  extended  to  models  of  bonding  as  the 
properties  of  matter  and  theoretical  explanations 
about  its  behaviour  are  linked.  Unit  4  investigates 
organic  compounds,  compares  them  to  inorganic 
matter  and  examines  the  connections  to  daily  life. 


Course  Overview:  Chemistry  30 

Chemistry  30  consists  of  four  units  of  study: 

Unit  1:  Thermochemistry 

Unit  2:  Electrochemistry 

Unit  3:  Equilibrium,  Acid  and  Base  Chemistry 

Unit  4:  Organic  Chemistry 

The  themes  of  systems,  energy  and  change  are 
central  in  Chemistry  30.  Also  highlighted  to  a 
lesser  extent  are  the  themes  of  equilibrium  and 
matter.  The  components  of  a  system,  which  may 
be  a  collection  of  substances  or  processes, 
influence  each  other  by  the  transfer  of  energy  ana 
matter.  Changes  to  one  part  result  in  changes  to 
other  parts  of  the  system. 

Energy  as  it  relates  to  chemical  change  is  the 
focus  of  Unit  1.  In  Unit  2  electrochemical  systems 
are  examined  and  the  matter  and  energy  involved 
quantified.  Unit  3  focuses  on  chemical  systems  at 
equilibrium,  particularly  those  involving  acids  and 
bases.  The  major  emphasis  of  Unit  4  is  change  as 
it  relates  to  chemical  reactions  of  organic 
compounds  in  living  and  non-living  systems. 
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Chemistry  20 


Unitl 
Solutions  and  Gases 


Overview 

The  major  idea  developed  in  this  unit  is  that  the 
properties  of  solutions  and  gases  provide  us  with 
insights  into  the  nature  of  matter.  The  unit  builds 
on  Grade  8  Science,  Unit  1:  Solutions  and 
Substances;  Grade  9  Science,  Unit  5:  Chemical 
Properties  and  Changes;  and  on  Science  10,  Unit  3: 
Matter  and  Energy  in  Chemical  Change. 

In  this  unit  students  study  a  variety  of  solutions, 
learn  of  the  special  characteristics  of  acids  and 
bases,  how  to  express  concentration,  and  methods 
for  handling  and  preparing  solutions.  Students 
learn  that  studying  gases  helps  us  to  understand 
the  nature  of  matter.  They  investigate 
quantitatively  the  relationships  among  pressure, 
temperature  and  the  volume  of  gases. 

The  nature  of  science  is  exemplified  by  the  role  of 
evidence  and  the  usefulness  of  models  and  theories 
in  the  quest  to  know  more  about  matter.  Science 
and  technology  contexts  are  illustrated  by  the 
applications  of  solutions,  acids,  bases  in  industry 
and  in  the  application  of  technology,  particularly 
instruments  of  measurement.  The  relationships 
among  science,  technology  and  society  are  explored 
in  the  investigation  of  issues  related  to  the 
environmental  effects  of  certain  solutions  and  gases 
and  by  examples  of  the  prevalence  of  solutions  and 
gases  in  daily  life. 


Attitudes 

Students  will  be  encouraged  to: 

•  develop  a  questioning  attitude  and  a  desire 
to  understand  more  about  matter; 

•  appreciate  that  scientific  evidence  is  the 
foundation  for  generalizations  and 
explanations  about  matter, 

•  develop  an  awareness  of  the  importance  of 
water  as  a  medium  for  chemical  change; 

•  value  the  need  for  safe  handling  and 
disposal  of  chemicals; 

•  respect  the  usefulness  of  models  and 
theories  that  are  used  to  explain  natural 
phenomena  relating  to  the  behaviour  of 
gases; 

•  develop  an  interest  in  the  role  of  solutions 
and  gases  in  daily  life; 

•  appreciate  that  our  understanding  of 
matter  has  been  enhanced  by  the 
application  of  technology,  particularly 
instruments  for  making  measurements  and 
managing  data;  and 

•  show  respect  for  evidence,  tolerate 
uncertainty  and  remain  objective  in 
evaluating  information. 
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MAJOR  CONCEPTS 


1.    Solutions  are  homogeneous  mixtures  of  pure 
substances. 


SCIENCE  KNOWLEDGE 


Students  should  be  able  to: 

1.  .  Demonstrate  an  understanding  that  the 
composition  of  solutions  can  be  accurately 
described  by  recalling  from  Grade  8  Science, 
Unit  1  the  meaning  of  solute,  solvent, 
dissolving,  solution,  solubility  and  by: 

1.1  using  the  accepted  chemical  names 
and  symbols  for  dissolved  substances; 

1.2  calculating  the  concentration  of 
solutions  in  moles  per  litre  and 
determining  mass  or  volume  from 
concentration; 

1.3  calculating  the  concentration  of 
diluted  solutions  and  the  quantities 
of  a  solution  and  water  to  use  when 
diluting; 

1.4  differentiating  between  electrolytes 
and  non-electrolytes; 

1.5  writing  dissociation  equations  for 
dissolved  substances  paying  attention 
to  qualitative  solubility  rules; 

1.6  calculating  the  concentration  of  ions 
in  solution; 

1.7  describing  equilibrium  in  solution 
systems; 

1.8  providing  examples  from  living  and 
non-living  systems  of  the  dissolution 
of  substances  in  water  as  a 
prerequisite  for  chemical  change; 


CB  90  12  06  (Fifth  Draft) 
Page  6 


> 


SCIENCE  SKILLS 


Students  should  be  able  to: 


•  use  laboratory  chemicals  following  WHMIS 
regulations  and  guidelines  for  safe  storage 
and  handling; 

•  dispose  of  laboratory  chemicals  using  safe, 
accepted  procedures; 

•  investigate  the  properties  of  solutions  in  the 
laboratory; 

•  use  a  balance  and  volumetric  glassware  to 
prepare  solutions  of  specified  concentration; 

•  determine  experimentally  the  identity  of  an 
ion  using  a  qualitative  test; 
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STS  CONNECTIONS 


Students  should  be  able  to  demonstrate  an 
understanding  of  the  interrelationship  of  science, 
technology  and  society  by,  among  other  activities: 


•  relating  what  they  have  learned  about  the 
properties  of  electrolytes  and  non-electrolytes 
to  solutions  encountered  in  daily  life; 

•  comparing  the  ways  in  which  concentrations 
of  solutions  are  expressed  in  the  chemistry 
lab,  in  industry,  in  household  products  and  in 
environmental  studies; 

•  evaluating  the  significance  of  concentration 
in  risk  management; 

•  explaining  how  biological  magnification 
increases  the  concentration  of  substances  in 
ecosystems; 

•  identifying  everyday  phenomena  that 
illustrate  equilibrium  principles  e.g.,  carbon 
dioxide  gas  escaping  from  pop  when  the  top  is 
removed; 
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MAJOR  CONCEPTS 


2.    Acids  and  bases  have  an  effect  on  aqueous 
systems. 


3.    A  model  of  the  gaseous  state  provides 
insight  into  molecular  behaviour. 
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SCIENCE  KNOWLEDGE 


2.  demonstrate  an  understanding  that  acids 
and  bases  affect  the  chemistry  of  aqueous 
systems  by: 

2.1  defining  acids  and  bases,  ionization 
and  neutralization  empirically  and 
theoretically  according  to  Arrhenius 
concepts; 

2.2  using  accepted  nomenclature  and 
symbols  for  acids  and  bases; 

2.3  calculating  pH  from  concentrations  of 
H+  or  OH"; 

2.4  explaining  the  pH  scale  in  terms  of 
logarithms; 


3.     demonstrate  an  understanding  that  the 
behaviour  of  gases  has  been  extensively 
described  and  relationships  quantified  by 
recalling  from  Science  10,  Unit  4  the  kinetic 
molecular  theory  and  explaining  how  it 
accounts  for  the  properties  of  solids,  liquids 
and  gases  and  by: 

3.1  stating  Boyle's  and  Charles's  laws  for 
ideal  gases; 

3.2  describing  why  real  gases  deviate 
from  ideal  gas  behaviour; 

3.3  stating  Avogadro's  law  and  the  ideal 
gas  law; 

3.4  solving  problems  involving  molar 
volumes  of  gases; 

3.5  naming  gaseous  compounds  according 
to  IUPAC  rules;  and 

3.6  describing  the  role  of  surfaces  in 
reactions  between  phases  of  matter. 


SCIENCE  SKILLS 


use  experimentation  to  differentiate  among 
acidic,  basic  and  neutral  solutions  (e.g.,  using 
indicators,  pH  meter); 


measure  the  volume,  temperature  and 
pressure  of  gases; 

design  and  perform  an  experiment  to 
illustrate  the  gas  laws,  identify  and  control 
variables  and  draw  and  interpret  graphs 
relating  pressure  and  temperature  to  gas 
volume; 

perform  an  experiment  to  determine  molar 
mass  from  gaseous  volume;  and 

communicate  the  findings  of  their 
investigations  in  a  clearly  written  report. 
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STS  CONNECTIONS 


describing  the  uses  of  sodium  hydroxide 
(caustic  soda)  in  industrial  processes; 

describing  the  use  of  acids  and  bases  in  the 
preparation  of  commercial  products  ranging 
from  foods  to  cleaning  aids; 

describing  how  to  handle  an  accidental  acid 
or  base  spill  using  dilution  or  neutralization; 

identifying  some  everyday  instances  that 
require  knowledge  of  how  to  handle  acids  and 
bases  e.g.,  sulphuric  acid  in  car  batteries, 
mixing  bleach  with  household  cleaners; 

assessing  qualitatively  the  risks  and  benefits 
of  transporting  acidic  and  caustic  substances 
in  populated  areas; 


explaining  the  role  gases  play  in  daily  life 
e.g.,  in  breathing,  olfaction  and  weather; 

assessing  the  impact  of  steam  in  past  and 
current  technology  such  as  the  steam  engine 
and  steam  turbine; 

describing  the  use  of  ammonia  gas  as  a 
fertilizer;  and 

identifying  from  personal  experience 
examples  of  chemical  changes  that  occur 
between  gas  phases  (e.g.,  internal  combustion 
engine,  gas  stove  and  propane  barbecue). 
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Chemistry  20 


Unit  2 

Quantitative 

Relationships  in 

Chemical  Reactions 


Overview 

The  focus  of  this  unit  is  on  chemical  change  and  the 
quantitative  relationships  contained  in  the 
balanced  chemical  equation.  The  mole  concept 
introduced  in  Science  10,  Unit  3:  Matter  and 
Energy  in  Chemical  Change  is  further  developed  as 
students  are  required  to  use  mathematical 
manipulation  and  stoichiometric  principles  to 
predict  quantities  of  substances  consumed  or 
produced  in  chemical  reactions.  Students  use  their 
knowledge  of  solutions  and  gases  obtained  in  Unit  1 
of  Chemistry  20  to  determine  quantities  of 
dissolved  species  and  gaseous  substances. 

The  nature  of  science  is  exemplified  by  a  focus  on 
careful  measurements  and  precise  calculations  in 
obtaining  accurate  results.  The  relationship  of 
science,  technology  and  society  is  illustrated  by 
reactions  from  industrial  applications  of  chemistry. 


Attitudes 

Students  will  be  encouraged  to: 

•  develop  a  positive  attitude  toward 
mathematical  and  scientific  process  skills; 

•  appreciate  the  importance  of  careful 
laboratory  techniques  and  precise 
calculations  for  obtaining  accurate  results; 

•  develop  confidence  in  their  ability  to  reason 
mathematically; 

•  value  the  role  of  technology  such  as 
calculators  and  balances  in  problem 
solving; 

•  develop  an  awareness  of  the  relationship 
between  chemical  principles  and 
applications  of  chemistry;  and 

•  appreciate  the  need  for  empirical  evidence 
when  interpreting  observed  phenomena. 
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MAJOR  CONCEPTS 


1. 


Balanced  chemical  equations  indicate  the 
quantitative  relationships  among  the 
reactants  and  products  involved  in  chemical 
changes. 


The  methods  of  stoichiometry  are  important 
in  quantitative  analysis. 


SCIENCE  KNOWLEDGE 


Students  should  be  able  to: 


1. 


demonstrate  an  understanding  that  the  mole 
ratios  in  balanced  chemical  reaction 
equations  provide  quantitative  information 
about  the  substances  involved  by  extending 
from  Science  10,  Unit  3  the  balancing  of 
equations  and  by: 

1.1  interpreting  chemical  equations  in 
terms  of  atoms,  molecules,  ionic 
species  and  moles; 

1.2  using  gravimetric,  solution  and  gas 
stoichiometry  to  predict  quantities  of 
products/reactants  involved  in 
chemical  reactions  and  use  unit 
analysis  to  check  the  results  of 
mathematical  calculations; 


demonstrate  an  understanding  that 
stoichiometric  methods  are  important  in 
quantitative  analysis  by: 

2.1  using  evidence  from  titration  to 
determine  the  concentration  of  a 
solution; 

2.2  using  evidence  from  precipitation 
reactions  to  determine  the 
concentration  of  ions  in  solutions;  and 

2.3  explaining  what  is  meant  by  limiting 
species,  predicted  and  experimental 
yields. 


•I 
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SCIENCE  SKILLS 


Students  should  be  able  to: 


use  laboratory  chemicals  following  WHMIS 
regulations  for  safe  storage  and  handling; 

dispose  of  laboratory  chemicals  using  safe, 
accepted  procedures; 

perform  an  experiment  that  tests  the 
validity  of  assumptions  contained  in 
gravimetric  stoichiometry  methods; 

use  a  balance  and  a  calculator  for 
stoichiometric  experiments  and  calculations; 


perform  a  titration  experiment  using 
appropriate  glassware  and  equipment  to 
determine  the  concentration  of  an  unknown 
solution; 

investigate  reactions  involving  the  formation 
of  precipitates; 

design  an  experiment  to  determine  the 
concentration  of  a  solution  using 
crystallization,  filtration  or  titration;  and 

communicate  the  findings  of  their 
investigations  in  a  clearly  written  report. 
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STS  CONNECTIONS 


Students  should  be  able  to  demonstrate  an 
understanding  of  the  interrelationship  of  science, 
technology  and  society  by,  among  other  activities: 


applying  stoichiometric  methods  to  the 
chemical  reactions  involved  in  industrial 
chemical  processes,  e.g.,  fertilizer  production, 
Downs  cell,  Haber  process; 


assessing  the  importance  of  quantitative 

ects  in  predicting  amounts  of 
reactants/products  in  industrial,  commercial 
and  household  applications  of  chemical 
reactions; 

evaluating  the  significance  of  byproducts  in 
industrial,  commercial  and  household 
applications  of  chemical  reactions;  and 

discussing  the  interrelationship  of  science 
and  technology  in  the  applications  of 
stoichiometry. 
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Chemistry  20 


Unit  3 
Chemical  Bonding 


Overview 

The  major  concept  of  this  unit  is  matter.  Students 
learn  about  bonding  theory,  recalling  the  simple 
model  of  the  atom  from  Science  10,  Unit  3:  Matter 
and  Energy  in  Chemical  Change  and  what  they 
have  learned  about  the  properties  of  matter  in  their 
laboratory  investigations  in  Grade  8  and  9  Science, 
Science  10  and  in  the  previous  two  units  of 
Chemistry  20. 

A  major  focus  of  this  unit  is  to  relate  theories  about 
bonding  to  the  properties  of  compounds  and  to 
develop  explanations  and  descriptions  of  structure 
and  bonding  through  scientific  models.  The 
concepts  of  oxidation-reduction  and  bond  energy 
are  briefly  discussed  providing  an  introduction  to 
units  1  and  2  of  Chemistry  30. 

The  use  of  scientific  models  and  theories  to  explain 
the  properties  of  matter  exemplifies  the  nature  of 
science.  The  science,  technology  and  society 
connections  relate  to  the  applications  of  bonding 
theory. 


Attitudes 

Students  will  be  encouraged  to: 

•  develop  a  curiosity  about  the  nature  of 
chemical  bonding; 

•  appreciate  the  usefulness  of  models  and 
theories  in  helping  to  explain  the  structure 
and  behaviour  of  matter; 

•  value  the  need  for  safe  handling  and 
disposal  of  chemicals; 

•  tolerate  the  uncertainty  in  our  explanations 
about  the  nature  of  matter; 

•  appreciate  the  need  for  empirical  evidence 
in  interpreting  observed  phenomena;  and 

•  appreciate  the  restricted  nature  of  evidence 
when  interpreting  observed  phenomena. 
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MAJOR  CONCEPTS 


1.    The  formation  of  compounds  is  explained  by 
bonding  theory. 
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SCIENCE  KNOWLEDGE 


Students  should  be  able  to: 

1.    demonstrate  an  understanding  that  theories 
about  bonding  propose  that  chemical  bonds 
involve  electron  transfer  or  sharing  by 
extending  from  Science  10,  Unit  3  the  simple 
model  of  the  atom,  the  organization  of  the 
periodic  table  and  the  differences  in 
properties  of  ionic  and  covalent  compounds 
and  by: 

1. 1  defining  a  chemical  bond  as  resulting 
from  the  simultaneous  attraction  of 
electrons  by  two  or  more  atomic 
nuclei; 

1.2  describing  bonding  as  a  continuum 
ranging  from  complete  electron 
transfer  to  equal  sharing  of  electrons; 

1.3  defining  valence  electron, 
electronegativity,  electron  pairing, 
ionic  bond  and  covalent  bond; 

1.4  predicting  bond  type  on  the  basis  of 
position  on  the  periodic  table  and 
differences  in  electronegativity; 

1.5  explaining  why  formulas  for  ionic 
compounds  refer  to  the  simplest 
whole  number  ratio  of  ions  that 
results  in  a  net  charge  of  zero,  while 
the  formulas  for  molecular 
compounds  refer  to  the  number  of 
atoms  of  each  constituent  element; 

1.6  drawing  electron  dot  diagrams  of 
atoms  and  molecules  and  using  Lewis 
structures  to  predict  bonding  in 
simple  molecules; 

1.7  continuing  to  practise  naming 
compounds; 

1.8  comparing  and  contrasting 
intramolecular  bonding  with 
intermolecular  forces; 

1.9  explaining,  in  simple  terms,  the 
energy  changes  of  bond  breaking  and 
bondformation  and  relating  this  to 
why  some  changes  are  exothermic 
while  others  are  endothermic;  and 

1.10  relating  the  terms  oxidation  and 
reduction  to  the  formation  of  bonds 
between  metals  and  non-metals. 


/' 


s 


./ 


SCIENCE  SKILLS 


Students  should  be  able  to: 


use  laboratory  chemicals  following  WHMIS 
regulations  for  safe  storage  and  handling; 

dispose  of  laboratory  chemicals  using  safe, 
accepted  procedures; 

use  experimentation  to  compare  and 
contrast  the  properties  of  ionic  and  covalent 
compounds; 

build  models  depicting  the  structure  of 
simple  covalent  molecules  and  ionic  solids; 

use  the  periodic  table  as  a  tool  in  writing 
half  reactions  for  the  formation  of  simple 
ionic  compounds  showing  oxidation  of  the 
metal  and  reduction  of  non-metal,  then 
balance  for  charge  and  combine  into  a  single 
equation; 

design  an  experiment  to  investigate  the 
reactivity  of  various  metals  with  oxygen  and 
dilute  acid  and  develop  an  activity  series; 
and 

communicate  the  findings  of  their 
investigations  in  a  clearly  written  report. 
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STS  CONNECTIONS 


Students  should  be  able  to  demonstrate  an 
understanding  of  the  interrelationship  of  science, 
technology  and  society  by,  among  other  activities: 


identifying  ionic  and  covalent  substances  in 
daily  life; 

relating  chemical  bonding  theory  to 
commonly  used  terms  such  as  "precious" 
metal,  rusting,  galvanizing; 

discussing  the  limitations  of  bonding 
theories; 

examining  the  role  of  computer  simulations 
and  analytical  instruments  in  increasing 
knowledge  of  substances  and  in  the  synthesis 
of  new  compounds; 

investigating  the  applications  and  properties 
of  modern  materials  such  as  semiconductors, 
ceramics  and  composites  etc.; 

explaining  how  science  and  technology  are 
involved  in  the  production  and  distribution  of 
useful  materials;  and 

identifying  the  contribution  of  synthetic 
compounds  to  quality  of  life. 
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Chemistry  20 


Unit  4 

An  Introduction  to 

Organic  Compounds 


Overview 

The  major  concept  of  this  unit  is  diversity  of 
matter,  using  the  specific  example  of  organic 
compounds.  This  unit  builds  on  Grade  9  Science, 
Unit  3:  Chemical  Properties  and  Changes,  Science 
10,  Unit  3:  Matter  and  Energy  in  Chemical  Change 
and  Unit  3:  Chemical  Bonding  of  Chemistry  20. 

Students  are  introduced  to  the  characteristics  of 
organic  compounds,  the  general  nomenclature  and 
formulas  for  hydrocarbon  categories  and  their 
significant  derivatives. 

In  using  models  to  illustrate  the  diversity  and 
complexity  of  organic  compounds  students  learn 
more  about  the  nature  of  science.  In  the  science, 
technology  and  society  connections  students  learn 
of  the  impact  of  organic  compounds  on  their  lives 
and  on  the  environment. 


Attitudes 

Students  will  be  encouraged  to: 

•  develop  an  appreciation  of  the  diversity  of 
organic  compounds  and  their  significance 
to  daily  life; 

•  value  the  need  for  safe  handling  and 
disposal  of  chemicals; 

•  develop  an  awareness  of  the  need  for 
open-mindedness  in  evaluating 
environmental  issues; 

•  appreciate  the  benefits  to  society  of 
synthetic  organic  compounds; 

•  develop  an  awareness  that  the  application 
of  technology  by  human  societies  can  have 
beneficial  and  harmful  effects  on  biological 
systems; 

•  appreciate  the  multi-dimensional  nature  of 
science,  technology  and  society  issues;  and 

•  respect  the  contributions  and  limitations  of 
scientific  and  technological  knowledge  to 
societal  decision  making. 
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MAJOR  CONCEPTS 


1.     Most  of  the  known  chemicals  are  organic 
compounds. 
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SCIENCE  KNOWLEDGE 


Students  should  be  able  to: 

1.    demonstrate  an  understanding  that  organic 
compounds  have  distinguishing 
characteristics  by: 

1.1  differentiating  between  organic  and 
inorganic  compounds; 

1.2  defining  hydrocarbon,  alkane,  alkene, 
alkyne,  cyclic  and  aromatic  organic 
compounds; 

1.3  defining  and  giving  examples  of 
structural  isomerism; 

1.4  identifying  alcohols,  aldehydes, 
ketones,  organic  acids,  amines, 
amides  and  esters  from  the  functional 
groups  in  their  structure; 

1.5  providing  generalized  names  and 
formulas  for  the  categories  of  organic 
compounds  described  above;  and 

1.6  defining  and  giving  examples  of 
addition,  substitution,  elimination 
and  combustion  reactions  of 
hydrocarbons. 


SCIENCE  SKILLS 


Students  should  be  able  to: 


use  laboratory  chemicals  following  WHMIS 
regulations  for  safe  storage  and  handling; 

dispose  of  laboratory  chemicals  using  safe, 
accepted  procedures; 

investigate  in  the  laboratory,  using  safe 
substances  and  procedures,  the  physical  and 
chemical  properties  of  representative 
examples  of  organic  compounds; 

compare  the  properties  of  a  pair  of  organic 
isomers; 

build  molecular  models  depicting  the 
structures  of  simple  organic  compounds;  and 

communicate  the  findings  of  their 
investigations  in  a  clearly  written  report. 
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STS  CONNECTIONS 


Students  should  be  able  to  demonstrate  an 
understanding  of  the  interrelationship  of  science, 
technology  and  society  by,  among  other  activities: 


•  providing  examples  of  organic  compounds 
that  are  used  on  a  daily  basis; 

•  investigating  how  some  organic  compounds 
are  produced  on  an  industrial  scale; 

•  evaluating  the  importance  of  hydrocarbon 
combustion  to  modern  lifestyles; 

•  explaining  how  fossil  fuels  are  the  source  of 
many  of  the  organic  compounds  in  common 
use; 

•  describing  the  "refining"  of  hydrocarbons; 

•  discussing  differing  conventions  of 
nomenclature  in  a  historical  and  cultural 
context;  and 

•  assessing  the  positive  and  negative  effects  of 
synthetically  produced  organic  compounds 
such  as  pharmaceuticals,  pesticides  and 
organohalines,  recognizing  that  a  practical 
solution  often  requires  a  compromise 
between  competing  priorities. 
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Chemistry  30 


Unitl 
Thermochemistry 


Overview 

Energy  as  it  relates  to  chemical  change  is  the  focus 
of  this  unit.  Students  were  introduced  to  the 
relationships  between  energy  and  matter  in  Grade 
7  Science,  Unit  4:  Temperature  and  Heat 
Measurement.  In  Science  10,  Unit  1:  Energy  from 
the  Sun;  Unit  3:  Matter  and  Energy  in  Chemical 
Change;  and  Unit  4:  Energy  and  Change,  students 
learned  that  energy  is  involved  in  every  physical, 
chemical  and  nuclear  change  that  matter 
undergoes  and  practised  simple  problems  involving 
the  quantification  of  energy.  Students  build  on 
previous  learning  as  they  study  in  greater  depth 
the  energy  related  to  physical,  chemical  and 
nuclear  changes  and  quantify  the  energy  involved 
in  chemical  changes. 

The  activities  in  this  unit  provide  an  opportunity 
for  students  to  learn  that  the  process  of  science 
involves  accurate  measurement  and  careful 
observation  to  provide  the  empirical  evidence  that 
supports  the  theoretical  explanations  for  energy 
changes  related  to  changes  in  matter.  Students  are 
made  aware  of  the  interrelationship  of  science, 
technology  and  society  as  they  exercise  their 
creativity  in  the  investigation  of  alternative  energy 
sources  and  discuss  the  need  to  balance  society's 
energy  needs  with  various  societal  objectives. 


Attitudes 

Students  will  be  encouraged  to: 

•  develop  an  interest  in  the  energy 
transformations  happening  around  them; 

•  appreciate  the  usefulness  of  computational 
competence  and  problem-solving  skills  as 
they  relate  to  energy; 

•  value  the  need  for  accuracy  and  precision  in 
data  collection  related  to  energy; 

•  develop  a  sense  of  responsibility  toward  the 
use  of  energy; 

•  develop  an  interest  in  global  energy  issues 
and  the  effectiveness  of  local  activities  in 
contributing  to  the  solution  of  problems 
related  to  energy; 

•  appreciate  the  need  to  balance  long-term 
energy  and  environmental  objectives  with 
various  societal  needs;  and 

•  appreciate  the  significance  and  meaning  of 
various  alternative  possible  solutions  to  a 
problem. 
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MAJOR  CONCEPTS 


There  are  energy  changes  associated  with 
changes  to  matter. 
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SCIENCE  KNOWLEDGE 


Students  should  be  able  to: 


1. 


demonstrate  an  understanding  that  enthalpy 
changes  can  be  measured  and  quantified  by 
recalling  from  Science  10,  Unit  4  the  Law  of 
Conservation  of  Energy,  the  first  Law  of 
Thermodynamics,  definitions  for  potential 
and  kinetic  energy,  heat  of  fusion  and 
calculations  involving  temperature  and  phase 
changes  in  water,  as  well  as  recalling  from 
Chemistry  20,  Unit  3  the  meaning  of  bond 
energy,  exothermic  and  endo thermic  change 
and  by: 

1.1  explaining  what  is  meant  by  the 
enthalpy  change  of  a  system; 

1.2  writing  balanced  reaction  equations 
that  include  the  change  in  enthalpy; 

1.3  using  AH  notation  for  enthalpy 
changes; 

1.4  comparing  phase,  chemical  and 
nuclear  changes  in  terms  of  the 
magnitudes  of  the  energy  involved; 

1.5  providing  simple  theoretical 
explanations  for  the  enthalpy 
changes  that  occur  during  phase, 
chemical  and  nuclear  changes  to 
matter;  and 

1.6  defining  enthalpy  of  vapourization, 
standard  enthalpy  of  formation  and 
molar  enthalpy  and  use  these 
concepts  in  calculating  the  enthalpy 
changes  associated  with  physical  and 
chemical  changes  to  matter. 


SCIENCE  SKILLS 


Students  should  be  able  to: 


use  laboratory  chemicals  following  WHMIS 
regulations  for  safe  storage  and  handling; 

dispose  of  laboratory  chemicals  using  safe, 
accepted  procedures; 

draw  and  interpret  enthalpy  diagrams  i.e., 
heating  curves  and  potential  energy  graphs 
for  phase,  chemical  and  nuclear  changes; 

use  a  calorimeter  to  experimentally 
determine  enthalpy  changes; 

design  and  perform  an  experiment  to 
determine  the  molar  enthalpies  of  physical 
and  chemical  changes  building  on  similar 
experiments  done  in  Science  10,  Unit  4; 

compare  experimentally  determined  molar 
enthalpies  to  values  in  data  tables  and 
evaluate  your  experimental  design; 

design  an  experimental  procedure  to 
determine  the  molar  enthalpy  of  a  nuclear 
change;  and 

communicate  the  findings  of  their 
investigations  in  a  clearly  written  report. 


CB  90  12  06  (Fifth  Draft) 


STS  CONNECTIONS 


Students  should  be  able  to  demonstrate  an 
understanding  of  the  interrelationship  of  science, 
technology  and  society  by,  among  other  activities: 


providing  examples  of  their  personal  reliance 
on  chemical  potential  energy; 

illustrating  with  examples  from  the 
petroleum  and  petrochemical  industries  in 
Alberta,  the  economic  importance  of  fossil 
fuels; 

assessing  qualitatively  the  risks  and  benefits 
of  relying  on  fossil  fuels  as  an  energy  source; 

assessing  qualitatively  the  risks  and  benefits 
to  society  of  using  nuclear  energy; 

researching  and  analysing  alternative  energy 
sources; 

evaluating  different  fuels  in  terms  of  cost, 
environmental  impact  and  enthalpy  content; 
and 

formulating  a  personal  energy  conservation 
plan. 
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Chemistry  30 


Unit  2 
Electrochemistry 


Overview 

The  major  concepts  developed  in  this  unit  are 
matter,  energy,  systems  and  change.  Students 
learned  of  the  electrical  nature  of  matter  in  Grade  9 
Science,  Unit  4:  Electromagnetic  Systems  and  in 
Science  10,  Unit  3:  Matter  and  Energy  in  Chemical 
Change.  Students  build  on  what  they  learned  about 
electron  transfer  in  Chemistry  20,  Unit  3:  Chemical 
Bonding  as  they  predict,  write  and  balance  reaction 
equations  specific  to  oxidation-reduction.  There  is  a 
further  development  of  the  methods  of 
stoichiometry  as  students  calculate  unknown 
quantities  from  oxidation-reduction  reaction 
equations. 

The  nature  of  science  is  exemplified  by  the 
theoretical  explanations  for  the  behaviour  of 
matter.  The  numerous  practical  applications  of 
electrochemistry  provide  the  science,  technology 
and  society  connections  in  this  unit. 


Attitudes 

Students  will  be  encouraged  to: 

•  develop  an  interest  in  oxidation-reduction 
reactions  that  occur  in  everyday  life; 

•  appreciate  the  creativity  and  perseverance 
required  to  develop  workable  solutions  to 
problems; 

•  develop  a  willingness  to  try  various 
problem-solving  strategies  and  risk  being 
wrong;  and 

•  value  the  contributions  of  the  technological 
innovations  of  electrochemistry  to  quality 
of  life. 
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MAJOR  CONCEPTS 


1.    Many  chemical  changes  involve  the  transfer 
of  electrons. 
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SCIENCE  KNOWLEDGE 


Students  should  be  able  to: 

1.     demonstrate  an  understanding  that 
oxidation-reduction  reactions  involve  a 
transfer  of  electrons  by: 

1.1  defining  the  terms:  oxidation, 
reduction,  oxidizing  agent,  reducing 
agent,  oxidation  number, 
half-reaction; 

1.2  differentiating  between 
oxidation-reduction  reactions  and 
other  reactions  by  identifying  half 
reactions  and  changes  in  oxidation 
number; 

1.3  identifying  electron  transfer, 
oxidizing  agents  and  reducing  agents 
in  oxidation-reduction  reactions; 

1.4  writing  and  balancing  equations  for 
oxidation-reduction  reactions; 

1.5  defining  standard  reduction  potential 
and  explaining  the  derivation  relative 
to  E°  =  0.00  volts  for  the  standard 
hydrogen  electrode; 

1.6  calculating  E°  net  (A  E°)  for 
oxidation-reduction  reactions; 

1.7  predicting  the  spontaneity  or 
non-spontaneity  of 
oxidation-reduction  reactions  on  the 
basis  of  calculated  E°  net  (A  E°) 
values; 


SCIENCE  SKILLS 


Students  should  be  able  to: 


use  laboratory  chemicals  following  WHMIS 
regulations  for  safe  storage  and  handling; 

dispose  of  laboratory  chemicals  using  safe 
accepted  procedures; 

design  and  carry  out,  then  evaluate  a 
procedure  for  deriving  a  simple  reduction 
table; 

use  a  reduction  table  as  a  tool  in  predicting 
equations  for  oxidation-reduction  reactions; 

use  experimental  methods  to  test  predictions 
about  oxidation -reduction  reactions; 

select  the  appropriate  equipment  and  use  it 
correctly  in  an  oxidation-reduction  titration 
experiment  to  calculate  unknown 
concentrations; 


STS  CONNECTIONS 


Students  should  be  able  to  demonstrate  an 
understanding  of  the  interrelationship  of  science, 
technology  and  society  by,  among  other  activities: 


analysing  oxidation-reduction  reactions  that 
occur  in  everyday  life  e.g.,  corrosion 
metallurgy,  respiration,  photosynthesis; 

analysing  oxidation-reduction  reactions  used 
in  industry  and  commercially  e.g.,  pulp  and 
paper  bleaching  processes,  textile  bleaching, 
swimming  pool  water  treatment; 
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MAJOR  CONCEPTS 


2.    Energy  is  involved  in  oxidation-reduction 
reactions. 


SCIENCE  KNOWLEDGE 


2.     demonstrate  an  understanding  that 

electrochemical  cells  operate  on  the  energy  of 
spontaneous  oxidation-reduction  reactions 
while  electrolytic  cells  require  electrical 
energy  to  cause  non-spontaneous 
oxidation-reduction  reactions  to  occur  by: 

2.1  defining  and  identifying  on  a  diagram 
of  an  electrochemical/electrolytic  cell 
the  following:  anode,  cathode,  anion, 
cation;  as  well  as  salt  bridge/porous 
cup  and  external  circuit  for  the 
former  and  power  supply  for  the 
latter; 

2.2  predicting  and  writing  balanced 
equations  for  reactions  at  the  cathode 
and  the  anode  of  an 
electrochemical/electrolytic  cell;  and 

2.3  identifying  on  a  diagram  of  an 
electrochemical/electrolytic  cell  the 
flow  of  electrons,  the  migration  of  ions 
and  anions  and  mass  changes  at  the 
electrodes. 
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SCIENCE  SKILLS 


•  construct,  observe  and  describe  an 
electrolytic  cell,  comparing  predictions  and 
observations; 

•  design,  construct  and  measure  the  potential 
of  an  electrochemical  cell,  comparing 
predictions  and  observations;  and 

•  communicate  the  findings  of  their 
investigations  in  a  clearly  written  report. 


STS  CONNECTIONS 


analysing  the  interrelationship  of  science  and 
technology  in  commercial  applications  of 
electrochemical/electrolytic  cells  e.g., 
batteries,  electroplating  industries; 

assessing  the  impact  of  electrolytic  principles 
on  the  refining  of  metals  from  their  ores; 

comparing  and  contrasting  the  energy  costs 
of  refining  metals  from  their  ores  and  of 
recycling  metals;  and 

assessing  the  economic  importance  of 
batteries  to  modern  society  and  predicting 
their  future  prominence. 
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MAJOR  CONCEPTS 


Chemistry  30 


Unit  3 

Equilibrium,  Acid 

and  Base  Chemistry 


Overview 

The  major  concepts  developed  in  this  unit  are 
systems,  change  and  equilibrium.  Students  have 
learned  about  solutions,  the  characteristics  of  acids 
and  bases  and  have  been  introduced  to  the  concepts 
of  pH  and  indicators  in  Grade  8  Science,  Unit  1: 
Solutions  and  Substances  and  in  Grade  9  Science, 
Unit  5:  Chemical  Properties  and  Changes.  In 
Science  10,  Unit  3:  Matter  and  Energy  in  Chemical 
Change,  students  further  explored  the  properties  of 
acids  and  bases  and  learned  the  scientific  names 
for  simple  members.  In  Chemistry  20,  Unit  1: 
Solutions  and  Gases,  students  calculated 
concentrations  and  pH.  They  were  also  introduced 
to  the  concept  of  equilibrium  as  it  occurs  in 
solutions. 

In  this  unit  the  concept  of  equilibrium  is  expanded 
to  a  quantitative  treatment  in  reaction  systems 
involving  ideal  gases  and  acid  and  base  solutions. 
Students  apply  stoichiometric  methods  to  titration 
experiments,  further  explore  indicators  and  are 
introduced  to  buffer  systems. 

The  nature  of  science  is  exemplified  by  a  historical 
perspective  of  how  the  concept  of  acids  and  bases 
has  evolved  from  a  very  limited  definition  to  a  more 
generalized  one  and  in  the  application  of  a 
mathematical  model  to  describe  equilibrium.  The 
applications  of  equilibrium  principles  provide  a 
science  and  technology  connection,  while  the 
interrelationship  of  science,  technology  and  society 
is  addressed  in  a  discussion  of  the  acid  deposition 
problem. 


Attitudes 

Students  will  be  encouraged  to: 

•  appreciate  the  usefulness  of  the 
mathematical  model  in  describing  chemical 
equilibrium; 

•  value  the  role  of  precise  observation  and 
careful  experimentation  in  learning  about 
the  chemistry  of  acids  and  bases; 

•  tolerate  the  uncertainty  involved  in 
providing  theoretical  definitions  for  acids, 
bases  and  equilibrium; 

•  value  the  need  for  safe  handling,  storage 
and  disposal  of  chemicals; 

•  appreciate  the  complexity  of  environmental 
problems  such  as  acid  deposition  that  don't 
have  a  simple  solution;  and 

•  foster  intellectual  honesty, 
open-mindedness  and  objectivity  when 
assessing  environmental  effects  caused  by 
chemical  change. 
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MAJOR  CONCEPTS 


1.    There  is  a  balance  of  opposing  reactions  in 
chemical  equilibrium  systems. 


SCIENCE  KNOWLEDGE 


Students  should  be  able  to: 


1.    demonstrate  an  understanding  that  chemical 
reactions  involving  gases,  acids  and  bases 
can  be  described  as  dynamic  equilibrium 
systems  by  extending  from  Chemistry  20  the 
definitions  for  acids,  bases  and  pH  and  by: 

1.1  stating  the  criteria  that  apply  to  a 
system  at  equilibrium  i.e.,  closed, 
constancy  of  properties,  evidence  of 
reversibility; 

1.2  writing  chemical  reaction  equations 
for  chemical  systems  at  equilibrium; 

1.3  calculating  equilibrium  constants  and 
concentrations  from  the  equilibrium 
law  expression  for  homogeneous 
chemical  systems; 

1.4  predicting,  qualitatively,  shifts  in 
equilibrium  caused  by  changes  in 
temperature,  pressure,  volume  or 
concentration  on  the  basis  of 
LeChatelier's  Principle; 

1.5  calculating  H30+  and  OH" 
concentrations,  pH  and  pOH  from  the 
ionization  constant  for  water,  Kw; 

1.6  differentiating  between  strength  and 
concentration  in  acids  and  bases  on 
the  basis  of  properties; 

1.7  comparing  and  contrasting  strong 
and  weak  acids  and  bases  using 
equilibrium  principles; 


CB  90  12  06  (Fifth  Draft) 
Page  34 


SCIENCE  SKILLS 


Students  should  be  able  to: 


•  use  laboratory  chemicals  following  WHMIS 
regulations  for  safe  storage  and  handling; 

•  dispose  of  laboratory  chemicals  using  safe, 
accepted  procedures; 

•  design  and  perform  an  experiment  to  test, 
qualitatively,  predictions  of  equilibrium 
shifts; 

•  design  and  perform  an  experiment  to 
differentiate  among  strong  and  weak  acids 
and  bases  and  other  solutions; 


STS  CONNECTIONS 


Students  should  be  able  to  demonstrate  an 
understanding  of  the  interrelationship  of  science, 
technology  and  society  by,  among  other  activities: 


explaining  how  equilibrium  principles  apply 
to  physiological  phenomena  e.g.,  the  higher 
concentration  of  red  blood  cells  in  the 
circulatory  systems  of  people  living  at  high 
altitudes; 

providing  examples  of  how  equilibrium 
principles  are  applied  in  industrial  processes 
e.g.,  Haber  process  for  producing  ammonia; 
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MAJOR  CONCEPTS 


2.    Acid-base  chemistry  involves  proton 
transfer. 


SCIENCE  KNOWLEDGE 

2.     demonstrate  an  understanding  of 

Bronsted-Lowry  acid-base  reactions  by: 

2.1 

stating  the  Bronsted-Lowry  concept 
of  acids  and  bases; 

2.2 

outlining  how  the  acid-base  concept 
has  changed  over  time,  an  example  of 
the  role  of  experimental  evidence  in 
the  accumulation  of  knowledge; 

2.3 

writing  chemical  reaction  equations 
illustrating  the  Bronsted-Lowry 
definition  of  acids  and  bases; 

2.4 

identifying  conjugate  pairs  of 
Bronsted-Lowry  acids  and  bases  in 
chemical  reactions; 

2.5 

describing  an  indicator  as  a  mixture 
of  a  weak  acid  and  its  conjugate  base 
and  explaining  changes  in  colour  in 
terms  of  an  equilibrium  shift; 

2.6 

describing  examples  of  substances 
that  can  act  as  either  proton  donors 
or  proton  acceptors; 

2.7 

describing  examples  of  substances 
that  can  accept  or  donate  more  than 
one  proton; 

2.8 

calculating  solution  concentration 
from  titration  data; 

2.9 

differentiating  between  endpoint  and 
equivalence  point; 

2.10 

explaining  how  buffers  maintain  a 
relatively  constant  pH  when  small 
amounts  of  acid  or  base  are  added  to 
an  aqueous  system;  and 

2.11 

providing  examples  of  buffers  that 
operate  in  living  systems. 
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SCIENCE  SKILLS 


predict  the  most  likely  acid-base  reaction 
using  tables  of  relative  acid-base  strength; 

standardize  an  acid  or  base  solution  using 
primary  standards; 

perform  a  titration  experiment  to  determine 
the  concentration  of  an  acid  or  base  solution; 

use  a  pH  meter  and  laboratory  glassware 
related  to  titrations; 

use  indicators  to  determine  the  pH  of  an  acid 
or  base  solution; 

draw  and  interpret  titraaon  curve  graphs 
using  data  from  titration  experiments 
involving  strong  acids  and  bases; 

design  and  perform  an  experiment  to  test 
buffer  action;  and 

communicate  the  findings  of  their 
investigations  in  a  clearly  written  report. 
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STS  CONNECTIONS 


discussing,  from  a  historical  perspective,  the 
limitations  of  acid-base  concepts  in 
explaining  observed  phenomena  and  the 
ways  in  which  scientific  ideas  change; 

explaining  the  formation  of  acid  deposition, 
describing  its  environmental  impact  and  the 
measures  being  taken  by  industries  to  reduce 
emissions; 

evaluating  the  issues  related  to  technological 
developments  that  result  in  acid  deposition, 
recognizing  that  a  practical  solution  may 
require  a  compromise  between  competing 
priorities;  and 

describing  the  use  of  buffers  in  the 
processing  and  storage  of  food. 
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Chemistry  30 


Unit  4 
Organic  Chemistry 


Overview 

The  major  theme  of  this  unit  is  change  as  it  relates 
to  chemical  reactions  involving  organic  compounds 
in  living  and  non-living  systems.  This  unit  builds 
directly  on  Chemistry  20,  Unit  4:  An  Introduction 
to  Organic  Compounds  and  has  links  to  the 
previous  three  units  in  Chemistry  30. 

Students  learn  about  reactions  of  organic 
substances  in  general  and  make  comparisons 
between  the  reactions  of  organic  and  inorganic 
substances.  Connections  are  made  to  the  previous 
units  of  Chemistry  30  in  the  discussion  of  energy 
released  from  hydrocarbons  and  carbohydrates, 
oxidation-reduction  as  it  relates  to  biochemical 
reactions  and  the  chemistry  of  organic  acids  and 
bases. 

The  nature  of  science  is  exemplified  by  how  science 
has  helped  describe  the  reactions  of  organic 
compounds  and  biochemicals.  The  focus  on 
reactions  that  have  significant  industrial 
applications  and  importance  in  the  functioning  of 
living  systems  serves  to  illustrate  the  science, 
technology  and  society  interrelationship. 


Attitudes 

Students  will  be  encouraged  to: 

•  develop  a  questioning  attitude  and  a  desire 
to  know  more  about  the  reactions  of  organic 
substances  and  the  biochemistry  of  the 
human  body; 

•  appreciate  that  science  and  technology 
provide  them  with  many  useful  products; 

•  value  the  need  for  safe  handling  and 
disposal  of  chemicals; 

•  develop  an  awareness  that  as  a  result  of 
chemistry  many  synthetic  compounds  have 
been  produced  that  have  been  of  great 
benefit  to  society;  and 

•  develop  an  awareness  that  the  application 
of  technology  by  human  societies  can  have 
both  beneficial  and  harmful  effects  on 
biological  systems. 


CB  90  12  06  (Fifth  Draft) 


Page  39 


MAJOR  CONCEPTS 


1.    The  reactions  of  organic  compounds  are 
many  and  diverse. 
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SCIENCE  KNOWLEDGE 


Students  should  be  able  to: 

1.    demonstrate  an  understanding  of  some 

important  reactions  of  organic  compounds  by: 

1.1  defining  and  providing  examples  of 
monomers,  polymers  and 
polymerization  in  living  and 
non-living  systems  (e.g.,  plastics, 
carbohydrates,  proteins); 

1.2  comparing  and  contrasting  the 
reactions  of  organic  and  inorganic 
compounds; 

1.3  relating  oxidation-reduction  to 
biochemical  processes  (e.g.,  metabolic 
oxidation  of  glucose  to  carbon 
dioxide); 

1.4  comparing  catalysts  and  enzymes; 

1.5  writing  balanced  equations  for 
reactions  of  organic  compounds  in 
living  and  non-living  systems;  and 

1.6  using  stoichiometric  methods  to 
predict  quantities  of  substances  in 
reactions  of  organic  compounds. 


SCIENCE  SKILLS 


Students  should  be  able  to: 


use  laboratory  chemicals  following  WHMIS 
regulations  and  guidelines  for  safe  storage 
and  handling; 

dispose  of  laboratory  chemicals  using  safe, 
accepted  procedures; 

design  and  perform  an  experiment  to 
compare  the  reactivity  of  inorganic  and 
organic  compounds; 

build  models  depicting  polymerization; 

use  experimentation  to  demonstrate  the 
action  of  enzymes  and  catalysts; 

synthesize  an  organic  compound  e.g.,  ethyl 
alcohol,  an  ester,  a  polymer,  soap;  and 

communicate  the  findings  of  their 
investigations  in  a  clearly  written  report. 
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STS  CONNECTIONS 


Students  should  be  able  to  demonstrate  an 
understanding  of  the  interrelationship  of  science, 
technology  and  society  by,  among  other  activities: 


identifying  polymers  from  the  plastics 
industry; 

describing  briefly  the  ethylene  industry  in 
Alberta; 

reviewing  in  an  open-minded  way  the  issues 
related  to  the  production  and  disposal  of 
plastics; 

assessing  qualitatively  the  costs  and  benefits 
of  developing  degradable  plastics. 

researching  the  terms  liquid  crystal,  designer 
protein,  immunoadsorbant  carbohydrate; 

assessing  the  importance  of  enzymes  and 
catalysts  in  modern  chemistry; 

investigating  research  initiatives  in  artificial 
photosynthesis;  and 

making  informed  decisions  about  economic 
and  social  benefits  and  drawbacks  underlying 
current  and  past  developments  in  the  field  of 
synthetic  organic  chemistry. 
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